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EDITORIAL

International physics
Australian physicists are involved in 
many large international projects. 
In recent time we have had articles 
about such involvement in relation 
to the Square Kilometre Array and  
CERN. Later this year I am expect-
ing articles on the Neutrino Observa-
tory in Antarctica, IceCube, and the 
gravitational wave detector, LIGO. 
In this issue Australia and the Pierre 
Auger Observatory by Roger Clay 
(University of Adelaide) describes the 
key role Australian physicists have 
played in the establishment and operation of this ultra-high energy 
cosmic ray observatory in western Argentina. There is a long history 
of cosmic ray research by Australian physicists. Once a means of in-
vestigating particle interactions, cosmic rays now provide the highest 
energy window for astrophysics. 

The second article, New windows to the body: scientific discipline 
unite towards a common vision by Ewa Goldys (Macquarie University 
and director of the ARC Centre of Excellence for Nanoscale Biopho-
tonics) is a personal account of her journey from materials science 
and technology to biophotonics and the establishment of the Centre 
of Excellence.

In the third article, Nuclear bond models of some stable unstable 
and fissile nuclei, Peter Norman describes an approach to nuclear 
structure that is modeled on liquid drop theory, making a case for 
the pedagogical merits of this approach for explaining nuclear stabil-
ity and nuclear reactions.

Journals such as Australian Physics have traditionally published 
book reviews. The standard practice has been to seek a book for 
review from a publisher, which the reviewer is able to retain after 
completing the review for publication. Publishers are however in-
creasingly publishing scientific books in ebook format, and corre-
spondingly preferring to allow download of the ebook to the review-
er (the reviewer retains the electronic copy). Our sister organization, 
the Institute of Physics, now publishes an extensive range of ebook 
titles; I urge members to look at the ebook range from this and other 
publishers. Let me know if you see a book you would like to review 
and I should be able to arrange access.

Finally, the scanning of past issues continues; members will be 
able to see the steadily expanding collection under Publications on 
the AIP website.

Brian James
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PRESIDENT’S COLUMN

Gravitational Wave Discovery a very Australian affair
It is a very exciting time to be writing 
this column since it coincides with one 
of those rare events that is at the heart 
of what motivates us to do physics and 
makes it so exciting – a major scientific 
discovery! The announcement of the 
direct detection of gravitational waves 
by the LIGO Scientific Collaboration 
on 11 February was very special in this 
context, being a lot more than just an-
other physics discovery but rather one 
that I am sure history will record as be-
ing one of the most significant in the 
last century.  The fact that the gravita-
tional wave event that was detected was 
most likely produced by the merger of 
two massive black holes also heralds the 
birth of gravitational wave astrophysics 
and a whole new window opening on 
the study of these enigmatic objects.

While much of the significance of 
this discovery lies in the fact that it is 
the last prediction of Einstein’s Theory 
of General Relativity to be verified ex-
perimentally – and, as it so happens, 
100 years after Einstein published his 
theory – there is much more to it than 
that. Firstly the discovery is the culmi-
nation of decades of effort required to 
build two-arm laser-based interferom-
eters and develop them to the point of 
being capable of detecting gravitational 
waves. It all started with Joseph Weber’s 
attempts to build the first gravitational 
wave detector (the “Weber bar”) in the 
1960’s, and his subsequent claims of de-
tecting gravitational waves. These claims 
however were discredited in the 1970’s, 
and almost five decades followed of 
more and more sensitive detectors being 
built but the detection of gravitational 
waves remaining illusive. The patience 
and persistence shown by gravitational 
wave physicists, as well as the funding 
agencies that supported them, is quite 
extraordinary and, as in many major 
discoveries, a key ingredient to success. 

The discovery is also an incredible 
technological triumph in terms of the 
level of measurement precision achieved 
– just one thousandth of the diameter 
of the proton! Moreover, it also repre-

sents an amazing ‘tour de force’ in terms 
of the coming together of many differ-
ent areas of physics to achieve such a 
precision: quantum physics and quan-
tum metrology, high-powered optics, 
mechanical systems including thermal 
and vibrational control systems, gen-
eral relativity and gravitation, theo-
retical astrophysics and observational 
astronomy, and large-scale computing. 
Not surprisingly, LIGO involves a huge 
number of scientists from all around 
the globe: in total 1,006 of them spread 
across 16 countries, working in 83 dif-
ferent institutions, and located in 14 
different timezones! 

From an Australian perspective, 
there is very much a ‘punching above 
our weight’ story to tell in terms of our 
involvement in the discovery. The num-
ber of Australian researchers involved 
in LIGO is relatively small – just over 
50 from the following 7 institutions: 
ANU, UWA, UAdelaide, UMelbourne, 
Monash, Charles Sturt University and 
CSIRO. And yet all of them made criti-
cal contributions to the construction 
and operation of the LIGO experiment 
and hence to the discovery. The ANU 
team developed the tip-tilt mirror sus-
pension systems required to steer the 
laser light with exquisite accuracy. The 
group at UWA used high power lasers 
to develop new ways of scattering the 
laser beams as well as methods for pre-
venting instabilities in the detectors. 
Physicists at UAdelaide developed and 
installed a wavefront sensor system for 
the LIGO mirrors that measures and 
corrects the distortions in the mirrors 
due to the temperature of the high-
powered laser. Yuri Levin at Monash 
University did the seminal theoretical 
work for computing the thermal noise 
within LIGO, which in turn indicated 
that the LIGO mirrors required reflec-
tive coatings of extremely high qual-
ity. And it was CSIRO who developed 
such coatings and associated polishing 
techniques that were used in LIGO. In 
addition, most of the above university 
groups have contributed enormously to 

the data processing, including the ‘blind 
injections’ software that allows LIGO to 
check the validity of the signals it de-
tects. I was very privileged to be able to 
join the leaders of all the above groups 
at Parliament House in Canberra on 
12 February for the formal Australian 
announcement of the discovery and to 
share in the excitement – best captured 
by Prof David McClelland, leader of the 
ANU team, whose opening words were 
“we have done it!”. 

Finally it gives me great pleasure to 
announce that Dr Cathy Foley is the 
latest recipient of the AIP’s Outstand-
ing Service to Physics Award. I end this 
column by including the citation for 
this award, which says it all as to why 
Cathy is such a deserved winner: "For 
outstanding service to the discipline 
of Physics over many years, including 
leadership, outreach and research. In 
particular, the AIP recognises her roles 
as a senior leader in CSIRO, her mem-
bership of PMSIEC, her Presidency of 
both FASTS/STA and of the AIP and 
in her national and international pro-
motion of equity for Women in Phys-
ics and other sciences. Cathy is one of 
Australia’s most influential Australian 
women scientists with an outstanding 
professional record in applied physics 
and a passion for supporting and pro-
moting physics at all levels from prima-
ry to high school and University, to the 
public and to government." Congratu-
lations Cathy!

Warrick Couch
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NEWS & COMMENT

Letter to the Editor
With regard to the wonderful article on William Henry Bragg (John Patterson & Rob George, Aust. Phys. 52 
Nov-Dec 2015, 192-196), I note a passing reference on p. 196 to the visit by Lawrence Bragg to Australia in 
1960, I wish to point out that he came to NZ in December 1960 to present the Royal Society Rutherford Lec-
ture - a lecture given in NZ once every five years, the previous lecturer being Sir George Darwin in 1956. I had 
just completed my MSc in Physics at the University of Canterbury and was engaged in a short-term project for 
a few weeks. Sir Lawrence was shown round the labs and he came down to the Basement where I was working 
and asked me to explain to him what I’d done my MSc research on. He gave me five minutes to explain the basis 
of magnetic resonance and said he’d give himself five minutes to report back to me what he had heard. He did a 
pretty good job. He caught on quickly to the fact that much of the equipment used in Electron Spin Resonance 
at that time had its origins in WWII Radar Research. I found him most engaging.

John Pilbrow 
Monash University; AIP Hon Secretary 1975-6 and AIP President 1999-2000

Response from John Patterson
I have a vivid memory of Sir Lawrence’s visit to Adelaide in 1960, when I was a student. He gave the annual 
Einstein lecture for the SA Branch of the AIP, to a packed audience as would be expected in the city of his 
birth. He produced a flimsy model of myoglobin that he had managed to bring without damage and spoke of 
the work on biological molecules. The lecture inspired me to do a physics PhD. As noted above, the date of 
Lawrence Bragg’s visit to Australia was 1960 not 1961 as stated in the original article.

Gravitational waves detected
Gravitational waves were detected for the first time by 
the twin detectors of the Laser Interferometer Gravita-
tional-wave Observatory (LIGO) in the United States 
(in Livingston, Louisiana and Hanford, Washington) 
100 years after their existence was predicted by Albert 
Einstein's General Theory of Relativity.

Fisheye View of One Arm (4 km long) of the LIGO Hanford 
Interferometer. Credit: Caltech/MIT/LIGO Lab.

More than 1,000 scientists around the world have 
been involved in the research, including a collaboration 
of Australian universities through the Australian Con-
sortium for Interferometric Gravitational Astronomy 
(ACIGA), led by ANU Professor David McClelland.

Other Australian partners in ACIGA are the Uni-
versity of Adelaide, the University of Western Australia 
(UWA), The University of Melbourne, Monash Univer-
sity and Charles Sturt University. The ANU, UWA and 
University of Adelaide helped build crucial components 
of the LIGO detectors used to find the gravitational 
waves. Australian institutions were also heavily involved 
in analysing the data. The Australian government, 
through the Australian Research Council, has made 
significant contributions to the project, and industrial 
partners included CSIRO’s The Australian Centre for 
Precision Optics (ACPO), Gravitec Instruments, STM 
Duraduct and United Group Limited. 

The gravitational waves detected were produced dur-
ing the final fraction of a second of the merger of two 
black holes to produce a single, more massive spinning 
black hole. The collision is the most violent event ever 
recorded in the universe. The confirmed observation of 
a gravitational wave opens up a new way to study the 
universe, black holes, dark matter and gravity.
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Australian Synchrotron’s future secured
A $520 million, ten-year investment announced in De-
cember transfers ownership of the Australian Synchro-
tron to the Federal government via ANSTO, and allows 
for growth via new partnerships and increased capacity.

The Australian Synchrotron 

Speaking from Canberra at the release of the Nation-
al Innovation and Science Agenda, Professor Andrew 
Peele, Director of the Synchrotron, said the long-term 
security will have dual benefits for the facility, the only 
one of its kind in Australia.

‘For many years now, securing ongoing funding has 
been a priority focus and has held us back from being 
able to put long-term plans in place. Operational fund-
ing on this scale gives us the room we need to grow, 
to seek new partnerships, and to expand our beamline 
infrastructure in order to increase both the capacity and 
capability of the synchrotron. This will make the Aus-

Highest honour for nanotech physicist
Professor Chennupati Jagadish, vice-president of the 
Australian Academy of Science, founder of the Austral-
ian Nanotechnology Network, and head of the ANU’s 
Semiconductor Optoelectronics and Nanotechnology 
Group, was named a Companion of the Order of Aus-
tralia (AC) in the 2016 Australia Day honours list. 

Chennupati’s nanotech 
projects include: the devel-
opment of new lasers with 
a view to faster telecommu-
nications and lightweight, 
more-efficient nanotech-
derived solar cells. He is also 
working on improved bio-
medical imaging.

He describes one of his most exciting current nano-
tech projects as a designing a ‘brain on a chip’—encour-
aging the growth of artificial, trainable neurons, with 
exciting potential for future computing power. 

Molonglo Observatory Synthesis Telescope 
upgrade
Since its inception in 1965, the Molonglo Observatory 
Synthesis Telescope (MOST) has been owned and oper-
ated by the University of Sydney. Originally built as the 
Molonglo Cross, the telescope has two huge cylindri-
cal arms that stretch across the Molonglo valley, east of 
Canberra. 

After 50 years of operation, the University of Sydney 
is ushering in a new era for MOST, announcing major 
upgrades to the instrument. 

The Molonglo Observatory Synthesis Telescope 

Facilitated by the Australian Research Council Cen-
tre of Excellence for All-Sky Astrophysics (CAASTRO), 
the University of Sydney, Swinburne University and 
CSIRO have formed an historic partnership to carry out 
a million dollar update of MOST, to be given the name 
UTMOST.

While the structure of the telescope will be un-
changed, a new supercomputer backend will allow as-
tronomers to handle up to 22 gigabytes of data per sec-
ond. This is entering the domain of big data, with smart 
electronics and clever software programs to process data 
in real time. Professor Anne Green, director of the Tel-
escope said the upgrade would be game-changing. "For 
almost a decade, fast radio bursts (cosmic radio signals 
that last just a few milliseconds) have mystified astrono-
mers. With the upgrade to Molonglo, we will have the 
opportunity to hunt for the mysterious bursts. We don't 
know where they are or what they are, but with this new 
capability we have an excellent opportunity to answer 
these questions."

Prof Chennupati Jagadish

tralian Synchrotron not only a formidable science facil-
ity, but a true research hub,’ he said.

With a view to continuous development of the coun-
try's physics skillsets, the Synchrotron sponsors a range 
of professional opportunities. For more information 
visit: www.synchrotron.org.au.
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Academy responds to CSIRO cuts
Australia’s world-leading climate and environmental sci-
ence capability is facing an uncertain future with the 
news of more major job cuts at the CSIRO, according 
to the Australian Academy of Science.  The announce-
ment comes on top of cuts of more than $20 million to 
climate and environmental science in the 2014-15 Fed-
eral Budget.

Academy President Professor Andrew Holmes said 
there was now serious concern about Australia’s future 
capacity to conduct climate and environmental science, 
and our ability to contribute to the global monitoring of 
climate change.

“Whilst the Academy is seriously concerned that 
CSIRO will no longer be leading Australia’s climate and 
environmental science research effort, we want to en-
sure that our national research capability is not lost in 
these important areas,” Professor Holmes said.  “We call 
on the government to quickly make alternative arrange-
ments to continue a comprehensive national program 
of climate research. Without a nationally coordinated 
effort, our diminished research capacity will mean Aus-
tralia lacks the local knowledge necessary to adapt to a 
changing climate.”
[Source: Australian Academy of Science]

Chemistry decadal plan launched
The plan, developed by the Australian Academy of Sci-
ence’s National Committee for Chemistry, envisages im-
proved links between chemistry researchers and indus-
try, as well as better quality school and tertiary chemistry 
education in Australia. Advances in chemistry currently 
underpin more than $24 billion of Australia’s economic 
output, and more than 60,000 people are employed in 
the chemical industry. This is the first plan of its kind 
that brings together the chemistry community to con-
sider the discipline as a whole and look at what it can 
offer Australia.

NATIONAL COMMITTEE  
FOR CHEMISTRY

AUSTRALIAN  
ACADEMY OF SCIENCE FEBRUARY 2016

Chemistry  
for a better life
The decadal plan for  
Australian chemistry 2016–25 

“Chemistry is the central science. A vibrant chemistry 
community in Australia that is fully engaged with indus-
try will be vital to addressing some of our key challenges, 
including increasing agricultural productivity, develop-
ing new life-saving drugs and creating novel sustainable 
materials,” Academy of Science President Professor An-
drew Holmes said.  “We already have great chemistry 
expertise in Australia that bridges materials and biologi-
cal sciences. Now is the time to start really taking advan-
tage of this knowledge to drive new ideas and economic 
development.”
[Source: Australian Academy of Science]
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Australia has been a significant player in cosmic ray re-
search, going back at least to work begun at Mt. Stromlo 
when that observatory was first created.  The foci later 
moved to Melbourne, Hobart, Sydney, and then Ad-
elaide.  Pioneering work, at the forefront of the field has 
been done at all those venues, with Australia twice host-
ing the major international conference in the field and, 
for many years, having a continuous membership of the 
Cosmic Ray Commission of the International Union of 
Pure and Applied Physics.

Things move on, and the field has become much 
more concentrated in international collaborations.  In 
1992, a meeting was convened in Paris to discuss the 
possibility of building a cosmic ray observatory capable 
of producing data to determine, with high precision, the 
properties of the cosmic ray beam at the highest particle 
energies known in Nature.  That meeting was called by 
Jim Cronin, Nobel Laureate from the University of Chi-
cago, and Alan Watson, leader of the UK high energy 
cosmic ray community.  It ultimately led to the forma-
tion of the Pierre Auger Collaboration and the construc-
tion of the world-leading Pierre Auger Observatory in 
western Argentina.  Roger Clay and Bruce Dawson at-
tended from Australia, together with a few dozen col-
leagues from the existing high energy astrophysics com-
munity around the world.  The meeting decided that the 
ambitious venture was warranted, although none had 
previously been partnered in such a massive project, and 
it was decided to hold a follow-up design meeting.  That 

was held in Adelaide in 1993 and defined an instrument 
which would detect all cosmic rays with energies above a 
few EeV (1018 eV) over an area of three thousand square 
kilometres, arguably the largest fully efficient astro-
physical aperture.  The Observatory began observations 
in 2004 and was completed in 2008, on schedule and 
on budget.  The Pierre Auger Collaboration now has a 
membership of 500 scientists from 16 countries.

Cosmic rays are important in astrophysics.  At some 
level, such charged astrophysical messengers are key play-
ers in all non-thermal astrophysics.  They produce the 
synchrotron and cyclotron emission observed by optical, 
radio and x-ray astronomers. They are also intimately in-
volved with extreme magnetic environments from pul-
sars to AGNs (Active Galactic Nuclei).  At their highest 
energies, above about 50 EeV, where their flux is dis-
couragingly low (a few particles per square kilometre per 
century), they are expected to interact with the cosmic 
microwave background through photo-pion production 
and exhibit a strong spectral downturn, which had been 
long searched for as a check on fundamental physics and 
astrophysics, the GZK (Greisen–Zatsepin–Kuzmin) ef-
fect.  The origin and acceleration mechanism for cosmic 
rays at the highest energies remain unknown and remain 
to be confidently slotted into our understanding of the 
Universe through spectral, compositional and direction-
al measurements.

The role of Observatory was to be big enough to de-
fine a cosmic ray spectrum up to 100 EeV, measure the 
arrival directions to degree accuracy, and measure the 
composition of the particles in the beam – single parti-
cles up to 40 km distant!  It has succeeded in these tasks.

The design thus required a huge area of accessible 
land and a search of competing sites (including a bid for 
Woomera in South Australia) selected an area of the Ar-
gentine pampa in the foothills of the Andes mountains 

Australia and the Pierre Auger Observatory
Roger Clay 
School of Physical Sciences, The University of Adelaide, SA 5005, Australia. roger.clay@adelaide.edu.au

A small meeting of cosmic ray physicists in Paris 25 years ago led to the development of the world’s leading 
ultra-high energy cosmic ray observatory, now studying particles with energies up to 1020 eV.  Australia 
was represented at that meeting and Australians played key roles as the Pierre Auger Observatory grew  
to cover an area of 3000 km2  in the foothills of the Argentinian Andes.  The Observatory is now close to 
completing its original baseline aims, and is embarking on an upgrade to maintain its leading role in 
high energy astrophysics over the coming decade.

"...an instrument which would 
detect all cosmic rays with energies 
above a few EeV (1018 eV) over 
an area of three thousand square 
kilometres..."
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(see Figures 1 & 2).  The detection technique requires 
the observation of particle showers (extensive air show-
ers – EAS) produced in the atmosphere by the primary 
cosmic rays so, whilst modest altitude allows one to get 
closer to the main parts of the shower development, 
very high altitudes mean that the shower develops in the 
ground and cannot be studied.  The sweet altitude is a 
thousand metres or so.  Brazil and Argentina promised 
substantial support (which has continued through diffi-
cult economic times to this day) and the site was chosen.

Figure 1:  Central campus and control centre of the Pierre 
Auger Observatory, located in the town of Malargüe, 
Mendoza province, western Argentina.

The technique to detect the cosmic ray showers is a 
hybrid of two complementary techniques, and this was 
strongly advocated from the outset by the Adelaide group 
and, mainly US, colleagues.  An array of 1660 large-area 
particle detectors on the ground detects the showers in 
a conventional way whilst 27 large telescopes record the 
shower development in the atmosphere through observ-
ing UV nitrogen fluorescence light emitted from atmos-
pheric gas (see Figures 2, 3 & 4).  The latter technique 
was familiar to the Adelaide and US groups and its ad-
vantage in seeing showers develop (only on clear moon-
less nights) was sold to the collaboration.  That decision 
was controversial but has proved to be absolutely right 
as it gives a direct measurement of parameters directly 
associated with the mass composition of the primary 
cosmic rays.

Figure 2:  Plan of the layout of the Pierre Auger Observatory 
on Pampa Amarilla in the foothills of the Argentine Andes.  
The dots are locations of 1660 12 m3 water-Cherenkov 
particle detectors (see Figure 3).  There are four fluorescence 
telescope sites, each with 6 UV Schmidt telescopes (2.2 m 
diaphragm aperture) viewing fields indicated by the blue 
boundary lines (see Figure 4).  An additional 3 telescopes 
(HEAT) are used to study nearby showers.  AERA is the 
Auger cosmic ray radio detection system consisting of 153 
radio detection stations covering 17 km2.

The task of finding funding was led by Cronin (a 
Nobel Prize helps) and Watson and the various tasks re-
quired for the observatory were laboriously defined, vol-
unteered for, and assigned.  Adelaide followed its experi-
ence and has worked mainly on the fluorescence system.  
We analyse the data, contribute to monitoring the long 
term stability (our lab is the atmosphere and cannot be 
easily controlled), find and fix inconsistencies between 
detectors, and monitor the sky in real time.  The prop-
erties of the sky must be known extremely well.  UV 
light from distances up to 40 km is appreciably scattered 
by molecules and aerosols and may be reflected or ab-
sorbed by clouds.  Atmospheric analysis is complex and 
demanding.  We volunteered to develop a cloud moni-
toring system for the 3,000 square kilometres of the Ob-
servatory.  Fortunately, Michael Ashley at UNSW had 
demonstrated that infra-red measurements could iden-
tify cloud at night and we used that idea to develop a 
system of cloud cameras, now in its second generation, 
to continuously determine the cloud coverage in each of 
the 1.3 x 104 pixels of our UV telescopes.

"...An array of 1660 large-
area particle detectors on the 
ground detects the showers in a 
conventional way whilst 27 large 
telescopes record the shower 
development in the atmosphere..."
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Figure 3: A surface detector station.  The array has 1660 
of these water-Cherenkov radiation detectors spaced by 
1.5 km.  They operate autonomously with solar power, 
and communicate through radio links to one of four 
concentrators at the fluorescence sites (Fig4) (credit Steven 
Saffi).

The Pierre Auger Observatory was initially designed 
to operate at least until 2015.  That milestone has now 
been reached and Bruce Dawson from Adelaide recently 
chaired a committee to consider possible upgrades to 
the Observatory.  Those recommendations have been 
accepted and are being funded to give the Observatory 
at least another ten years of productive life.

Has the Pierre Auger Observatory succeeded in its 
scientific aims? It has clearly demonstrated success in all 
its design areas.  The cosmic ray energy spectrum has 
been measured up to energies of around 100 EeV (1020 
eV) and it does cut off where the GZK effect says it 
should.  That doesn’t prove that GZK is the culprit since 
it could also be the energy at which Nature becomes ex-
hausted and has no sources capable of accelerating past 
that level.  In fact, a major surprise was that the Ob-

servatory measured the cosmic ray composition (with a 
big input from Adelaide) and found that, close to the 
highest energies, it becomes dominated by heavy nuclei, 
having moved from proton domination at EeV energies.  
This could support the idea that there is an acceleration 
limit since more highly charged nuclei would be more 
easily accelerated (if not disintegrated in the hostile ra-
diation environment at the source).  Whether the com-
position is protonic or more highly charged, the micro-
wave background remains a barrier over distances above 
about 100 Mpc (300 million light years) and the sources 
of our extreme particles are thus likely closer than that.  
At a few EeV, we find that the particles reach us diffu-
sively from outside our galaxy but, at higher energies, we 
expect their deflections in anticipated intergalactic mag-
netic fields to be sufficiently small that we can perform 
positional astronomy at the degree level.  We currently 
find a modest directional correlation with known direc-
tions of “local” AGNs but there is a problem since our 
sources have finite lifetimes, and even highly relativistic 
charged particles travelling 300 million light years incur 
large time delays due to their magnetic deflections.

The composition measurements rely on observations 
of atmospheric shower development based on fluores-
cent UV emission from atmospheric nitrogen.  This 
means that only about one in eight of the highest energy 
events contribute, since the observations must be made 
on clear moonless nights.  The Collaboration is embark-
ing on an ambitious upgrade, AugerPrime, to make reli-
able composition studies possible with the ground-based 
detectors.  Adelaide has played a leading role in prepara-
tions for that upgrade.  It is hoped that a subset of events 
produced by light primary nuclei can be selected at the 
highest energies.  These would suffer minimal magnetic 

Figure 4: The Coihueco fluorescence telescope site.  Six Schmidt telescopes (2.2 m diaphragm aperture) cover a total field 
of view of 180o, up to 32o above the horizon.
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deflection in intergalactic fields and should greatly 
enhance the accuracy of directional source searches.

"The Collaboration is embarking on 
an ambitious upgrade, AugerPrime, 
to make reliable composition 
studies possible with the ground-
based detectors."

A somewhat unanticipated technical issue has 
been to know the correct particle physics to apply to 
our shower modelling.  Even with colliding beams, 
the LHC is over a factor of 10 below our energies 
so we must extrapolate their particle physics using 
the best available models.  Those models currently 
do not give us consistent extrapolations and we also 
find that none predict the correct number of muons 
in our showers.  We have measured the proton-air 
cross section at previously inaccessible energies but 
we have also identified issues in the best available 
current interaction models.  Interaction modellers 
are now incorporating our data to refine the under-
standing of their physics.

The Pierre Auger Observatory has been a great, 
and continuing, success.  Its citations are at an ex-
ceptionally high level and it enjoys a reputation for 
being a benchmark of careful observational astro-
physics.  Through Adelaide involvement, Australia 
has been a leader over the lifetime of the Observa-

tory, from its concept through to its observational 
phase, and is playing a significant role in its upgrade 
to continue as a key contributor to astrophysics for 
at least the next decade.

Background References
The Pierre Auger Observatory  https://www.auger.org/

“The Pierre Auger Cosmic Ray Observatory”, Pierre Auger Collabora-
tion, Nuclear Instruments and Methods in Physics Research A, 798, 
172-213 (2015)

“Large Scale Distribution of Ultra High Energy Cosmic Rays detected 
at the Pierre Auger Observatory with Zenith angles up to 80o”, Pierre 
Auger Collaboration, The Astrophysical Journal, 802, 111-121 (2015)

“Depth of Maximum of air-shower profiles at the Pierre Auger Observa-
tory. II Composition Implications”, Pierre Auger Collaboration, Physi-
cal Review D, 90, 122006 (2014)

“Probing the radio emission from cosmic-ray-induced air showers by 
polarization measurements.”, Pierre Auger Collaboration, Physical Re-
view D, 89, 052002 (2014)

Emeritus Professor Roger Clay completed his PhD on 
radio emission from cosmic ray showers at Imperial College, 
London in 1970 after being top of his undergraduate year.  
Following a period of post-doctoral work at the University 
of Calgary, he came to Adelaide as a Queen Elizabeth Fellow 
and has continued to work there until the present time.  His 
research interests have been mainly in the field of high energy 
astrophysics, largely the study of cosmic rays in many aspects.  
He has chaired the South Australian branch of the AIP and has 
been President of the Astronomical Society of Australia.
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The following AIP medals and awards are now open for nomination:
• Harrie Massey Medal, which recognises contributions to physics made either by an Australian physicist or by a physicist working in Australia
• Alan Walsh Medal, which recognises significant contributions by a practising physicist to industry in Australia
• Walter Boas Medal, which recognises excellence in research in physics in Australia (in the past five years) 
• Education Medal, which recognises significant contributions to university physics education in Australia
• Bragg Gold Medal, which recognises the student who is judged to have completed the most outstanding PhD thesis in Physics under the auspices of an  
 Australian university 
• Outstanding Service to Physics, which recognises an exceptional contribution to the furtherance of physics as a discipline on the part of an individual.
 and our inaugural Early Career Research award,
• Ruby Payne-Scott Medal, which recognises outstanding contributions made by a physicist who is just beginning their career 

More information can be found at http://www.aip.org.au/info/?q=content/aip-medals-prizes-awards or from Olivia Samardzic, Special Project 
Officer AIP, at olivia.samardzic@dsto.defence.gov.au or by phone on (08) 7389 5035.

Nominations close 1 June 2016, except for the Bragg Gold medal where the nomination process is different – please see the website for details.
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I believe that this will be a pivotal decade for Australian 
science, particularly with the recent establishment of the 
ARC Centre of Excellence for Nanoscale Biophotonics 
(CNBP). Of course I am biased, I have the honour to be 
Deputy Director of this Centre which brings together 
the key research nodes of the University of Adelaide, 
Macquarie University, RMIT University, as well as a host 
of other industry and academic partners located around 
the world. Obviously, as a Centre we are all very proud 
to have raised over $40M in supporting  basic sciences in 
this country, and in providing training and employment 
opportunities to our budding young researchers. I am 
also particularly pleased that our vision of developing 
“windows to the body” - methods of biomolecular sens-
ing in living organisms is being realised.  But, as many 
of you are aware, I’m a physicist by trade, teaching at 
Macquarie University in Sydney. As such, the question 
has often been asked - what is a physicist doing inves-
tigating living subjects with their largely messy and of-
ten unpredictable behaviours? For me, as a Professor of 
Physics, the answer has been found in reflection – with 
my move into the interdisciplinary field of biophoton-
ics, the culmination of a research journey, which started 
over a decade ago. Here, I attempt to share with you this 
journey, as well as provide a brief overview of what it is 
that we are attempting to do at the CNBP – a Centre fo-

cused on truly innovative research and the development 
of novel tools that will provide powerful new ways of 
understanding cellular processes within the living body.

And the ARC gets full credit for it
With a PhD degree in the area of materials science and 
technology, I began my academic career as a lecturer at 
Macquarie University. As with all young academics I was 
expected to attract research grants, and I took to this 
like a duck to water: I loved the intellectual discipline 
and rigour of writing research proposals. But there was 
one small issue: the ARC expected applicants to articu-
late the significance and impact of their research - things 
that were never mentioned in my PhD and postdoctoral 
training. How could I justify the significance of my ma-
terials science projects? I came to the conclusion that by 
continuing research in materials science, I could only 
provide small, academic-sized building blocks to the 
well-advanced semiconductor industry, most of which 
was located overseas. That industry has been, and still 
is, creating massive impact on the community, but what 
could be my own impact on this industry? Given the 
wall of commercial confidentiality protecting the indus-
try’s interests, the chances of having real impact, or even 
genuine interactions seemed limited. So, although my 
ARC proposals had been successful, the seeds of change 
had been sown.

Grass is always greener on the other side
I’ve always loved working at Macquarie University, and 
greatly enjoyed the camaraderie in my Department. It 
hosted the Research Centre for Lasers and Applications 

New windows to the body: scientific 
disciplines unite towards a common vision
Ewa Goldys
Deputy Director ARC Centre of Excellence for Nanoscale Biophotonics, 
Macquarie University, Macquarie Park, NSW 2109, Australia

Prof. Ewa Goldys, Deputy Director of the recently established ARC Centre of Excellence for Nanoscale 
BioPhotonics (CNBP), describes the Centre’s focus on driving the development of new light based sensing 
tools that can measure biochemistry in cells and tissues at a nanoscale level. The author believes that 
building tools that will provide powerful new ways of understanding the cellular processes taking place 
deep within the living body, and the transdisciplinary nature of the Centre will lead to its success. Here, 
Prof. Goldys discusses her research journey from physics to biophotonics, and explains the Centre focus 
on three key biological challenges relating to fertility, chronic pain and heart disease – areas in which the 
Centre hopes to have significant societal impact.

"...what is a physicist doing 
investigating living subjects with 
their largely messy and often 
unpredictable behaviours?"
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(CLA) led by Professor Jim Piper for many years. There 
were no coffee shops at Macquarie then and our depart-
mental tearoom was getting a regular daily workout. 
Every day I was surrounded by laser scientists discussing 
various industry objectives and I began to realise how 
beneficial  was the contact of scientists  with real-life 
problems. The vitality of research inspired by industry 
within the CLA in that period was next to none and 
many of these researchers have since become interna-
tional movers and shakers in their relevant fields of ex-
pertise. Curiously, while the research focus at the CLA 
was predominantly in physics, the industry-inspired 
problems frequently originated from biotechnology and 
medicine. I understood then that the tools of physics 
were more broadly applicable than I thought. But still, I 
did not know where to turn.

Life sciences, the cradle of mystery
I had my first glimpse of the future in 1998, at a major 
international semiconductor conference. These confer-
ences were always very well attended, with thousands of 
delegates and very large venues. Likewise this one was 
held at a major hotel, with multiple parallel sessions 
covering big picture topics including device integration, 
device applications and material growth. Among them 
was a completely peripheral session focused on biologi-
cal applications, squeezed into a tiny corner room. The 
abstracts were largely result-free with presenters noting 
that the research area appeared ‘interesting’- it was in-
deed a very new area of research - yet so many attendees 
turned up for these presentations that the hotel had to 
call security. I realised then, that the research commu-
nity was seeking a new direction, and that life sciences, 

with its unresolved problems might just be the area of 
opportunity that I was looking for. This was when I 
started to consider nanotechnology as my logical path-
way forward. Nanotechnology uniquely connected with 
my own training in materials science, and also had an 
interface with the life sciences. I gradually shifted my re-
search interests (without sacrificing the publication track 
records and promotions, which we all know are essen-
tial) to this newly emerging area. I quickly realised that 

it’s easier for academic researchers to make their mark 
on nascent fields than on the mature ones which have 
already spawned big industries - semiconductor technol-
ogy being a perfect case in point.

What could physicists quantify?
Importantly, and as time marched on, I had to think as 
to which areas of life sciences were the most promising 
from a physicist’s point of view. Through my nanotech-
nology research, where nanoparticles were being used to 
provide imaging contrast for specific molecules in cells 
and tissues, I came across the area of biological imaging. 
For several decades biologists had been able to culture 
cells and tissues in the laboratory, and this had opened 
up the possibility of systematically investigating biologi-
cal processes, for example, aiding our understanding of 
cells and organisms and their interaction with drugs. 
Much of that research was carried out by microscopy 
imaging. This new spotlight on cellular images excited 
physicists and non-physicists alike. Modern microscopes 
with their advanced cameras were able to image cells and 
tissues very quickly, but how exactly were the images be-
ing analysed? To my great surprise, in many cases the 
method turned out to be personal inspection and  look-
ing for “representative” images.  However it was obvious 
to me that various features of cells could be measured 
and quantified. I thought that microscopy imaging of 
cells would be a great place to start, and I decided to 
look for patterns and regularities by using advanced laser 
scanning microscopes (see Figure 1).

Figure 1: Yeast looks just like yeast – the author looking at 
yeast with a Renishaw Raman microscope

Into the looking glass
And so the journey continued! One of my first experi-
ments was carried out on the most humble household 

"Nanotechnology uniquely 
connected with my own training in 
materials science, and also had an 
interface with the life sciences."
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product, yeast - attempting to identify differing yeast 
strains using fluorescence microscopy techniques. Yeast 
is used to make bread, beer and other foods and you can 
buy it from the supermarket. When you open a pack it 
looks generic – the differences in yeast are impossible 
to see. Interestingly, genetic analysis is also insufficient-
ly accurate to convincingly pick out differences. What 
the industry does, is to perform functional tests, grow-
ing the yeast and looking at what it does to its food – 
which takes time, energy and expense. I discovered that 
a careful analysis of size, shape and image uniformity 
was accurate enough to identify the percentage mix-
ture in mixed populations to within 5%. This work was 
published, and I tried to spark the interest of the beer 
industry – but they responded that they were only inter-
ested in how the beer tasted! After this venture into bio-
technology, I realised I needed to be working on human 
cells, with a focus and relevance to the medical industry. 
But what specific problems could I solve?

Chance encounter
Over the years I had maintained contact with a number 
of organisations formerly working with the Centre of 
Lasers and Applications. One contact was Dr Graham 
Vesey, now a successful entrepreneur. Having profitably 
sold one of his companies he was now onto a new ven-
ture (Regeneus Pty Ltd) working in the area of regenera-
tive medicine. I visited his new premises in Pymble and 
this is where I met Dr George Miklos, a scientific advisor 
to Regeneus. George is one of the authors of the pio-
neering human genome publication.  As a true vision-

ary, George generously shared his deep understanding of 
biology and brought to my attention the problem of cell 
subpopulations. According to the science of physiology, 
the human body has hundreds of different cell types, 
but this is just a tip of the iceberg. Underneath are cell 
subpopulations that are functionally and biochemically 
very different. Some of them have therapeutic proper-
ties and these could be used for optimised therapies. I 
decided in a blink of an eye that this was the direction I 
needed to pursue. 

Looking at subtle features of cell colour
One of the first items to address, was to decide how exactly 
to look at these cells, and the processes taking place with-
in. Standard fluorescence microscopy uses extraneous la-
bels, basically chemical dyes and similar methods to stain 
various cell compartments. This endows cell images with 
a contrast. However, adding dyes to cells means chemical 
interference and such cells would be difficult to put back 
into the patient’s body. This led me to focus on native 
fluorescence in cells, a weak but measurable effect due to 
the presence of endogenous fluorescent compounds in 
cells and tissues. I decided to take these autofluorescence 
images and carefully quantify whatever could be quan-
tified. I could always analyse morphology feature such 
as cell shapes, but the real challenge was the quantifica-
tion of cell colour. For that new hardware was needed. 

Making instrumentation
Fortunately, PhD students in the Physics Department 
needed no encouragement to develop new instrumenta-
tion and it also helped that cheap light emitting diodes 
in various colours had become available. A system with 
multiple light emitting diodes was quickly set up and 
the University provided my team with a very sensitive 
CCD camera. We were able to start making images of 
cells. For the cells we chose adipose-derived (adult) stem 
cells, which could be bought from a commercial sup-
plier. This was exactly the type of cell used by Graham 
Vesey and Regeneus for their cell therapies. Then the re-
ality hit me: what was I going to do with the images that 
had been taken? 

Writing code, code and more code
If there was a single message I could convey to anyone, 
and especially younger researchers, it would be this - you 
need to be able to write code. To summarize my prob-
lem - the signatures of individual chemical compounds 
which contributed to our cell images had been mixed up 
and needed to be unmixed - which is a bit like unscram-
bling an omelette. Those readers with a Physics back-
ground would know that a curve which is made up of 2 
Gaussians can, in many cases be decomposed into these 
individual Gaussians, but that if the number of Gauss-
ians is 5 and they are close to one another, then there 
is next to no chance. This was our situation - but with 
one significant difference. We did not have one curve: 
we had a million of them, corresponding to each indi-
vidual pixel in a cell image. This provides more informa-
tion than a single curve does, requiring us to unmix lin-

"...focus on native fluorescence in 
cells, a weak but measurable effect 
due to the presence of endogenous 
fluorescent compounds in cells and 
tissues."
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ear mixtures with great accuracy. The process requires a 
thorough understanding of vector spaces and then use of 
customized code. This is my other lesson: abstract math-
ematics is crucially important, as important as the code.

Need for statistics
I was fortunate to work in this area with a very talented 
PhD student (now Dr) Martin Gosnell. Martin used to 
work for a company whose specialty was the analysis of 
facial imagery. He tells me that distinguishing cell types 
is much easier than distinguishing people’s faces. But 
we are continuously challenged by cellular heterogene-
ity. This is clearly apparent in Figure 2 where key distin-
guishing cellular colour features have been colour coded 
red, green and blue. In light of this heterogeneity we can 
only discriminate cell subpopulations if we use statistics. 
I would like to whisper in the ear of students reading 
this - if you ponder the choice of subjects to study, do 
some statistics. It is needed in some areas of physics but 
it is very badly needed outside of physics too.

Figure 2: Cells subjected to subtle colour analysis reveal 
rich and informative detail.

Technology all ready to go, now where is the 
problem?
Academic life has some interesting moments. One of 
them was in receiving a review of one of my proposals, 
noting that “those who own a hammer have the unfor-
tunate tendency to view every problem as a nail.” This 
attitude is unavoidable, especially in those areas of phys-
ics such as biophotonics where we develop research tools 

for practical application. It is obviously pivotal to see a 
compelling fit between the problem and the method be-
ing applied. Research in our Centre for Nanoscale Bio-
Photonics is centred around three biological challenges 
which we call “Spark of Life”, “Origin of Sensation” and 
“Inside Blood Vessels”. They provide the motivation for 
the application of existing tools and the development of 
new tools to probe biomolecular processes of interest. 
Led by biologists and medical specialists, these three ar-
eas provide a research focus for all our Centre members. 

Spark of Life: events in the life of early 
embryo
Fertilisation is a pivotal moment in the life of an egg cell. 
At this point the molecular history of the mother and 
father (technically called gene methylation) gets wiped 
off and the cycle of life restarts. The first hours and days 
are full of violent biomolecular transitions where zinc 
ions are expelled from the fertilised egg leading to vio-
lent spasms clearly visible under a microscope. Soon the 

dividing cells will figure out they are meant to be a single 
organism and they will begin to embrace one another 
forming tight junctions. They will start to exchange bio-
molecules across the growing embryo and soon one side 
of the embryo will receive a signal to become the head 
and the other will grow a tail. All this is happening in the 
deep secrecy of a womb where biochemistry has been 
impossible to probe. Our Centre is developing optical 
fibre sensing and imaging technologies to explore these 
early life phenomena (see Figure 2).

Origin of Sensation
The human brain is one of the remaining research fron-
tiers partly because it is so complex and partly because 
it has been so difficult to probe in living organisms. The 
immune system is more accessible but equally complex. 
There is a growing realisation that the immune system 
plays an active role in the functioning of the brain and 
that it has significant influence on seemingly unrelated 
functions such as memory and sensations.  Our Centre 
explores how the immune system in the brain controls 
and influences the sensation of pain. Pain is a multidi-

"Our Centre is developing optical 
fibre sensing and imaging 
technologies to explore these early 
life phenomena"
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mensional phenomenon with a key component of cell 
biochemistry. We are exploring biochemical signatures 
of the immune cells in the brain called microglia, with 
a view of identifying objective (and quantitative) bio-
markers of pain. This research will help inform the de-
velopment of new painkillers and, hopefully, help allevi-
ate suffering across the world.

Blood vessels
The understanding, prevention and treatment of cardio-
vascular disease requires a thorough understanding of 
how blood vessels function. It is not commonly known 
that blood vessels play an active role in the develop-
ment in cardiovascular disease: mechanical signals of 
cells stretching and contracting may produce chemical 
signals recruiting immune cells called macrophages to 
a specific area. This triggers a sequence of events result-
ing in the development of vulnerable plaque. From then 

on it is like playing dice with nature: the plaque may 
rupture and block an artery. If that artery is in the heart, 
an ambulance will be needed straight away. With our 
research partners in Germany at IPHT Jena, we are de-
veloping biomolecular tools to be able to identify vul-
nerable plaque. One of the key molecules involved in 
the correct functioning of blood vessels is nitric oxide, 
a trace gas which governs vessel contraction. Curiously, 
nitric oxide is released from the skin upon exposure to 
sunlight and it travels throughout the organism playing 
varying roles. In our Centre we are developing endos-
copy-based sensing of nitric oxide, by bringing together 
advances in chemistry and optical fibres.

Why what we are doing is unique
Many major research centres are interdisciplinary, but 
my view is that it is often difficult for physics to mean-
ingfully engage outside of its own area of expertise. 
Perhaps this is because it is best suited to exploring the 

inanimate part of nature and its theories are challenged 
by very complex situations such as for example the en-
vironment. True interdisciplinary engagement as we are 
attempting at the Centre, requires the development of 
a common language across disciplines, something that 
takes time, courage and effort. We expect that the im-
mediate outcomes from our Centre’s activities will be 
scientific and technological developments, such as new 
discoveries and novel devices. But, importantly, we are 
also training a new generation of researchers who are 
completely at ease working across a wide range of areas 
including physics, materials science, biochemistry, neu-
roscience, embryology, cardiology and medicine.  These 
young physicists and engineers will be able to readily 
engage in a discussion with medical specialists while bi-
ologists will be at ease with computer programmers and 
engineers.

Adding value to society
The impact to society of new research and technolo-
gies is never apparent until a few years down the track. 
Likewise, the future science and/or economic impact of 
the individuals who we are now training, is impossible 
to quantify. But what our program is doing at present 
is laying the groundwork for what will be truly trans-
formative outcomes. As we continue to research and 
develop new and innovative sensing tools, probing the 
very limits of our understanding of life at the molecular 
level, we hope to see real world translational outcomes 
– outcomes that support clinicians in making improved 
diagnosis and health decision for patients. Our research 
focus is the taking of cellular and molecular measure-
ments in-vivo, opening up the potential for healthcare 
decisions based on the health needs of the individual, 
their genes and their unique biological characteristics. I 
would expect that future applications from our research 
will be varied, but will likely include tests supporting 
IVF and fertility, real time blood tests to best determine 
individual treatment for pain, through to surgical de-
vices with inbuilt biosensors for use in cardiac surgery. 
Other outcomes are as yet unknown but potentially as 
exciting as our research activity continues to ramp up. 

Where to go from here
The ARC Centre of Excellence for Nanoscale Biopho-
tonics is now in its second year of operation. Our full 
contingent of early career researchers is now with us and 
making rapid headway. Our efforts to translate research 
outcomes are already advancing and we are working 

"we are ... also training a new 
generation of researchers who are 
completely at ease working across 
a wide range of areas including 
physics, materials science, 
biochemistry, neuroscience, 
embryology, cardiology and 
medicine."



60 AUSTRALIAN PHYSICS 53(2)  |  MAR–APR 2016

Professor Ewa M. Goldys is Deputy Director of the recently established Australian Research Council Centre of Excellence in Nanoscale Biophotonics (http://
cnbp.org,au/ ) and she holds a Personal Chair in the Department of Physics, Macquarie University, Sydney, Australia. 
Her research spans the interface of materials science,  photonics, biotechnology and ultrasensitive optical characterisation. A portfolio of her works is 
centred on the development and understanding of luminescence emission in doped nanocrystals where she developed advanced methods of synthesis 
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with our industry and medical partners to ensure our 
technologies have commercial and real societal impact. 
We are keen to establish new partnerships and bring new 
technological opportunities to our existing strengths. As 
I interact with our researchers on a daily basis, I’m ex-
cited by what I hear and the potential that I see. My 
journey with physics, with its quantitative approach and 
capacity to perform accurate mathematical modelling 

has brought me here, to our newly established Centre, 
where physics is just one interconnected part of a far 
broader picture. One in which we’re delving deeply into 
the living organism, trying to understand what makes 
up life itself. Biophotonics is the science of light – we’re 
making sure that the future is indeed very bright.

If you want to know more, check us out at cnbp.org.au.
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Nuclear bond models of some stable, 
unstable and fissile nuclei 
Peter Norman
peter.d.norman@bigpond.com

This article provides a simple introduction to some nuclear properties in a manner similar to the use of 
stereo-chemical models in the study of molecules. It may therefore appeal to educators. Many stable 
nuclei can be usefully modelled when the total nuclear bond energy of a nucleus is defined as the sum 
of the magnitude of the Coulomb repulsion energy and the binding energy (mass defect). These models 
are concentric layers of alpha particles bound together by nuclear bonds and are similar to models of 
liquid drops. It is also assumed that when most nuclei are excited, only the bonds between the alphas 
are weakened or broken because each alpha is so stable. The present paper consistently accounts for the 
stability of a number of nuclei in terms of the number of bonds between each layer. In addition it is shown 
that, whereas 5 or 6 bonds are broken in each alpha decay of an unstable nucleus, about 30 are broken 
in the fission of a uranium nucleus. 

Introduction 
All nuclei are formed in the extremely hot and dense 
cores of heavy stars.  Our sun is only heavy enough to 
fuse hydrogen nuclei into helium nuclei (alphas). Each 
heavy hydrogen nucleus consists of a positive proton 
bound to one or two neutrons. Most collisions between 
these nuclei are elastic because of the strong electric re-
pulsion between the positive protons. However, in the 
very core of the sun, hydrogen nuclei have sufficient 
energy to come close enough for the very short range 
strongly attractive nuclear bonds to not only balance 
the repulsion energy but also release much more energy 
called binding energy thereby reducing the masses of the 
bound protons and neutrons. 

Nuclear Bonds 
For the purposes of this paper a standard unit nuclear 
bond is defined in terms of the energy of a 4He nucleus. 
This is done because of the stability and symmetry of 
4He, which is a boson.

The inter-nucleon bond energy, En, between two ad-
jacent nucleons in a nucleus may be calculated in the 
following way. Because of isospin it will be assumed that 
6 equal nuclear bonds strongly bind the 2 protons and 2 
neutrons of a 4He nucleus into a tetrahedron.  The total 
nuclear bond energy, En, of the 4He nucleus is defined as 
the sum of the empirically determined binding energy, 
Eb, of this nucleus and the magnitude of the Coulomb 
repulsive energy, Ec so that: En = Eb + Ec  where Eb = 28.3 
MeV  and Ec = 0.8 MeV. Therefore En = 29.1 MeV and it 

follows that the energy of one nuclear bond is 4.84 MeV.
This arbitrarily defined unit of the time-averaged 

bond between a pair of contiguous nucleons in an al-
pha particle will be used to quantify the bonds between 
adjacent nucleons and alphas in other nuclei. The total 
number of bonds in any nucleus is equal to En for that 
nucleus divided by 4.84 MeV.

"...fusion occurs when the increase 
in nuclear bond energy is greater 
than the increase in Coulomb 
energy..."

Nuclear Bond Models 
The changes in nuclear bond data that occur during the 
nucleosynthesis of two light nuclei are shown in Table 1.

Nucleus 2H    + 2H      → 4He Energy change

A B C ∆E = C - A - B

Eb 2.2 2.2 28.3 ∆Eb = 23.9 

+ Ec - - 0.8 ∆Ec = 0.8

= En 2.2 2.2 29.1 ∆En = 24.7

Table 1:  Changes in nuclear bond data that occur during 
the nucleosynthesis of two light nuclei.

It can be seen that the definition En = Eb + Ec leads 
to the identity ∆Eb = ∆En - ∆Ec.  This indicates that fu-
sion occurs when the increase in nuclear bond energy 
is greater than the increase in Coulomb energy so that 
energy is released as mass is reduced.



62 AUSTRALIAN PHYSICS 53(2)  |  MAR–APR 2016

Figure 1: Schematic illustration of the nuclear bond 
changes during the fusion of two deuterons to form an 
alpha particle

Nuclear Bond Models of Some Stable Nuclei 
The data of the binding, Coulomb and nuclear bond 
energies as well as the derived number of nuclear bonds 
of 8 stable nuclei have been established in the same way 
as for 130Te in Table 2. The total number of bonds in 
each of them is given in brackets as follows: 4He (6), 16O 
(29), 32S (67), 60Ni (136), 130Te (299), 190Os (450) and 
238U (559).

The particular isotope of each of these elements is the 
most abundant one.

Nucleus Eb

(MeV)
Ec

(MeV)
En

(MeV)
En/4.84

130Te 1095.9 352.7 1448.6 299

Table 2: Nuclear Bond Data of the closed layer nucleus 130Te.

As illustrated by Table 3 of models of these stable nuclei, 
it can be seen that the alphas form closed concentric lay-
ers.  These layers became apparent as the models were 
constructed according to Bernal's theory of liquid drops 
[1]. This theory states that each particle is added as close 
as possible to the centre of the drop. The particle used 
in this paper is the alpha in accordance with Ikeda [2] 

and Horiuchi [3]. In their study of excited light even-
even nuclei they found that the alphas were not excited 
but the bonds between them were weakened or broken. 
These ideas were subsequently modelled by Norman 
[4,5], who found that the alphas in each layer are not 
contiguous; they therefore only bond with inner layers.

In constructing the models it is assumed that the in-
ner layers are stable so that the number of bonds binding 
an added alpha is equal to the extra number of bonds 
minus the 6 bonds of the alpha.

The 4 alphas of the first layer are bound together by 
6 bonds to form 16O.  Each of the 4 alphas in the second 
layer is joined to the first layer by 3 bonds thereby form-
ing 32S. 

Nucleus Model Alphas Neutrons Bonds
4He2 1 - 6 (6)

16O8 4 - 30 (29)

32S16 8 - 66 (67)

60Ni28 14 4 134 (136)

130Te52 26 26 298 (299)

190Os76 38 38 454 (450)

238U92 46 54 558 (559)

Table 3: Closed Layer Nuclear Bond Models. The values in 
the last column are the values given by the model; those in 
parenthesis are the actual number of bonds.

The 6 alphas of the third layer are each bound to the 
second layer by 4 bonds to form 56Ni.  It appears that 
this model has the form of a tri-axial tetrahedron with 4 
alphas as vertices, 4 as faces and 6 as edges. 

However, 56Ni is unstable and decays to 56Fe because 
the electric repulsion energy, Ec, is long-range and there-
fore increases as the number of protons increases. By 
contrast, the nuclear bond energy, En, has a very short 
range. For this reason it is impossible for a heavy star to 
synthesise elements heavier than iron by simply fusing 
equal numbers of additional protons and neutrons.  The 
giant star explodes as a supernova and, fortunately, this 
explosion generates a dense flux of neutrons that enables 
the addition of a skin of non-repulsive neutrons to the 
host nucleus by stabilising nuclear bonds. Accordingly, 
60Ni is stable because each of the 4 added neutrons pro-
vides 2 more bonds with no added repulsion.  Addition-
al protons are formed as some of the neutrons undergo 
beta decay. 

The fourth layer of 12 alphas is also bound by 4 

"...the alphas form closed concentric 
layers ... as the models were 
constructed according to Bernal's 
theory of liquid drops..." 
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bonds per alpha to the third layer and has a further 22 
neutrons so that now all alphas are each stabilized by 2 
additional bonds to form stable 130Te. 

The fifth layer has 12 alphas, each bound to the 
fourth layer by 5 bonds; each is stabilised by an addi-
tional neutron that is held by 2 bonds to make stable 
190Os. However, most of these heavier nuclei are prone 
to undergo alpha decay because of the increased electric 
repulsion. 

The sixth layer is even less stable despite each of the 8 
alphas being bound by 5 bonds and each of the 16 outer 
neutrons providing a single bond to form 238U.
Note that in Table 3 the total number of nuclear bonds 
in each of these consistently symmetrical nuclear bond 
models varies from the nuclear bond data (shown in 
brackets) by less than 2%.

Nuclear Bond Changes of some Unstable 
Nuclei
Alpha decay mostly occurs in light unstable isotopes of 
nuclei with incomplete fifth or sixth layers of alphas. Of 
such elements with an incomplete fifth layer there are 
12, (centred on gadolinium), that have one or more al-
pha emitting isotopes. By contrast, all elements heavier 
than lead are alpha emitters because of the dominance 
of the repulsive Coulomb energy over the nuclear bond 
energy.

"...all elements heavier than lead 
are alpha emitters because of 
the dominance of the repulsive 
Coulomb energy over the nuclear 
bond energy."

The natural radioactivity of 235U terminates at 207Pb 
after radiating 4 negative beta particles and 7 alphas 
whereas 238U ends as 206Pb after radiating 6 beta particles 
and 8 alphas.  Table 4 indicates the energy changes in an 
alpha decay.

Nucleus 238U   → 4He   + 234Th Energy Change

A B C ∆E = B + C - A

Eb 1801.6 28.3 1777.6 ∆Eb = 4.3 

+ Ec 905.1 0.8 870.9 ∆Ec = -33.4

= En 2706.7 29.1 2648.5 ∆En = -29.1

En/4.84 559 6 547 ∆En/4.84 = -6

Table 4: The nuclear bond energy data associated with the 
alpha decay of uranium.

A similar analysis of the alpha decay of 230Th also results 
in the breaking of 6 bonds whereas only 5 bonds are 
broken when each 212Po nucleus radiates an alpha.

Since ∆Ec = ∆En - ∆Eb, the data in Table 4 shows that 
for alpha decay, the alpha is expelled by the decrease in 
Coulomb energy of the mother nucleus as either 5 or 6 
bonds are broken and between 4 and 7 MeV is released, 
mainly as kinetic energy of the daughter nuclei but also 
about 15 % as photons.

Nuclear Bond changes of some Fissile 
Nuclei.
Three different fissions of 235U serve to illustrate the 
changes of nuclear bond structures during fission. Each 
fission demonstrates the uniformity of nuclear bond 
breaking across the bi-modal frequency distribution of 
daughter nuclei as illustrated in Figure 2.
 The bi-modal spectrum of the daughters may also be 
related to the nuclear bond models in the following way. 
Natural fission of a uranium nucleus always results in a 
light nucleus with never less than 3 alpha layers and a 
heavy nucleus with never less than 4 alpha layers. The 
outer layer(s) are separated (like egg white) from the 
stronger core (egg yolk).

Figure 2: Combined product yields by mass for thermal 
neutron fission of 235U and 239Pu.

The fission described in Table 5 is similar to many others 
in that usually 30 bonds are broken such as when 141Ba 
splits from 92Kr and 128Sn splits from 106Mo.

Nucleus 235U → n + 135Te + 99Zr Energy change

A B C ∆E = B + C - A

Eb 1783.0 1127 845.5 ∆Eb = 189.5 

+ Ec 909.0 344.6 225.1 ∆Ec = -339.3

= En 2692.0 1471.6 1070.6 ∆En = -149.8

En/4.84 556 304 221 ∆En/4.84 = -31

Table 5: Nuclear bond energy changes during the fission of 
uranium to form tellurium and zirconium. 
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In both alpha decay and fission it is evident that the 
identity ∆Eb = ∆En - ∆Ec indicates   that some of the 
short range strong nuclear bonds are overcome by the 
more powerful long range Coulomb force so that en-
ergy is released as mass is reduced. This is illustrated by 
the data from the fission in Table 5: 189.5  = - 149.8 - 
(-339.3 ). Alternatively, by substituting this data in the 
identity, ∆Ec = ∆En - ∆Eb, we see that: - 339.3 = - 149.8  
- (189.5). This indicates that the decrease in Coulomb 
energy causes the breaking of 30 bonds and the release 
of free fission energy. 

Fission occurs when a uranium nucleus is destabi-
lized either by deformation or the absorption of a ther-
mal neutron in which case the nucleus becomes elon-
gated until the asymmetric Coulomb force breaks 30 
bonds between the fourth and fifth layers, as shown in 
Figure 3. This fact can be related to the nuclear bond 
model of uranium in Table 3 where a total of 60 bonds 
bind layer 5 to 4. 

Figure 3: Schematic cross section model of uranium fission: 
(a) cross-section of the 6 layers of alphas of a uranium 
nucleus modelled as a liquid drop; (b) fission occurs as 30 
nuclear bonds are broken; (c) a heavy and a light nucleus 
separate because of repulsive Coulomb energy.

Conclusion
The definition of nuclear bond energy makes a direct 
link between mass defect and changes in Coulomb en-
ergy and nuclear bond energy. That is, ∆Eb = ∆mc2 = 
∆En - ∆Ec. Fusion occurs when ∆En is larger than ∆Ec 
whereas alpha decay or fission occurs when ∆En is less 
than ∆Ec.
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For more information go to: www.measurement.gov.au.
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entire Asian-Pacific region. This will be the first time that both meetings have been held jointly, 
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From the Great Wall 
to the Great Collider: 
China and the Quest 
to Uncover the Inner 
Workings of the 
Universe
by Shing-Tung Yau and Steve Nadis. 
International Press of Boston, 
Somerville MA (2015) 
Hardback, 214 pages 
ISBN: 9781571463104

Reviewed by Prof Kevin Varvell, 
University of Sydney

What comes after the Higgs boson? The discovery of 
a new particle at the Large Hadron Collider (LHC) in 
2012, which appears to possess the properties of the 
long-sought-after missing piece of the Standard Model 
of particle physics, was a triumph of modern science and 
international collaboration. As is often the case with dis-
coveries, progress leads inevitably to new questions to 
answer. It was ever going to be so should the Higgs be 
discovered, since physicists were already aware that for 
a number of reasons, the Standard Model with Higgs 
in place could not be the final theory of fundamental 
particles and interactions. 

This shortish book sets out to explain to the inter-
ested reader what our current view of the subatomic 
world is, and how it came about over time, including 
describing the ever more sophisticated tools necessary 
for looking at the nature of matter at smaller distance 
scales, culminating in larger and larger colliders. Indeed 
a primary motivation for the book is one of advocacy for 
a future facility to take up the challenge once the LHC 
program has reached its limits in, say, two decades  time. 
For a number of years now, research and planning for a 
linear electron-positron collider has been progressing, be 
it the International Linear Collider (ILC) which Japan 
is interested in hosting, or the Compact Linear Collider 
(CLIC) concept which CERN has formulated. Circular 
hadron colliders, such as a Very Large Hadron Collider 
(VLHC) in the US, or a Future Circular Collider (FCC) 
centred on CERN, have also been discussed. 

A more recent development is the proposal of build-
ing a future collider in China, one that is gaining mo-
mentum and support within the broader international 
community. This project is currently conceived of as a 
staged project, with the first step a Circular Electron-
Positron Collider (CEPC) serving as a Higgs factory, 
followed in the same tunnel with a Super Proton-Pro-
ton Collider (SPPC), pushing the energy frontier. The 
physics case for this approach is being very seriously 
studied, with the establishment about three years ago 
of the Centre for Future High Energy Physics at IHEP 

BOOK REVIEWS
Beijing, directed by Nima Arkani-Hamed from Prince-
ton.  A number of similarly high-profile figures in both 
theoretical and experimental particle physics have added 
their weight to the push.

Chinese physicists have in the past enjoyed great suc-
cess after moving to western centres to pursue their ca-
reers, examples being Nobel laureates Chen Ning Yang, 
Tsung-Dao Lee and Sam Ting. Despite its population, 
China itself has not historically played a major role in 
experimental particle physics research, at least on-shore, 
a point which the authors make. They go on, however, 
to show that this is changing, citing examples which in-
clude the Daya Bay reactor neutrino experiment, and 
the BEPC electron-positron collider and its successfully 
evolving program. Both projects have attracted healthy 
numbers of international collaborators.

The authors of this book are well-qualified to lay out 
the story of why a project such as CEPC-SPPC makes 
sense given what we now know about the Higgs, and 
why it is perhaps indeed timely that China becomes a 
central player in determining the long-term direction of 
the field. Shing-Tung Yau is a Harvard mathematician 
with a strong link to physics. Physicists will recognise 
his name as being attached to the Calabi-Yau manifolds 
which have applications in string theory. Like many 
Chinese-born compatriots who have forged successful 
careers abroad, he maintains strong links and an abiding 
interest in developments in his native land. Steve Nadis 
is a freelance journalist from Cambridge, Massachusetts 
who has written extensively on science, including co-
authoring a previous book with Yau popularising string 
theory. Whilst neither is an experimentalist and it is the 
experimentalists, engineers and accelerator physicists 
who will eventually realise the project should it get the 
green light, Nadis and Yau have gone to some length 
to talk to the right people in order to supplement their 
research on accelerators past, present and future. Indeed, 
it is clear that they have talked to many, many people in 
the writing of this book, and if I experienced one minor 
sense of frustration whilst reading it, it was that the bib-
liography, apart from containing a handful of loose ends 
with cross-referencing, relies extensively on email ex-
changes and telephone and in-person interviews, which 
of course cannot be followed up on for someone seeking 
further detail.

As a practising particle physicist located in the Asia-
Pacific region I enjoyed reading this book, and could not 
help but be excited by the prospects of the geometric 
centre of particle physics research shifting a little to-
wards our region in the future. Other scientists and the 
lay-reader interested in where this field may be headed 
should also find a good story unfolding within its pages.
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SAMPLINGS
Autonomous Maxwell's demon displays 
chilling power
A "Maxwell's demon" that operates without external 
control has been created by physicists in Finland. The 
device separates electrons in terms of their energies and 
prevents the higher-energy electrons from reaching a 
transistor – thereby cooling the transistor. The process 
occurs without the direct exchange of heat between the 
demon and the transistor and uses information about 
the energies of the electrons. While the demon does 
not violate any laws of thermodynamics, it highlights 
the role that information plays in thermodynamics and 
could have practical uses in cooling electronic circuits. 

 Diabolical machine: Maxwell's demon in action

Information about the position and velocity of each 
molecule is key to the demon's success and the thought 
experiment has since been used to explore the role that 
information plays in thermodynamics. In 2010 Shoichi 
Toyabe of Chuo University in Tokyo and colleagues 
found that a micron-scale polystyrene particle immersed 
in a gas could be nudged slowly up an electrical "spiral 
staircase" – so gaining potential energy – as a result of 
random collisions with the gas molecules. This involved 
the researchers placing the electrical equivalent of barri-
ers at just the right moments to prevent the particle from 
falling back down the stairs 

This was the first time that scientists had quantified 
the extent to which information could be converted into 
energy; the particle's ascent requiring no direct energy 
input but relying instead on information about its fluc-
tuating position. That information, however, provided 
by a video camera and processed using image-analysis 
software, was analysed and acted upon from outside of 
the microscopic system. In other words, Maxwell's de-
mon was not acting autonomously. 

In the latest work, Jonne Koski, Jukka Pekola, and 
colleagues at Aalto University in Finland have instead 
made a demon that acts without external control. The 
device consists of a single-electron transistor formed by 
connecting a micron-long copper island to two copper 
wires via tunnel junctions, which is linked to a tiny cop-

per box. The box acts as the demon and initially contains 
a single electron generating a potential gradient across 
which an electron entering the transistor must climb 
(see figure). As soon as an electron reaches the island, 
the charge in the circuit changes, which causes the de-
mon electron to tunnel out of its box. With the particles' 
mutual repulsion lowered, the first electron becomes 
trapped on the island and then subsequently tunnels out 
of it. 

Because only electrons with a certain minimum en-
ergy can reach the island, the most energetic electrons 
within a current flowing through the transistor will be 
siphoned off. The demon therefore cools the transistor, 
and thereby reduces its entropy, even though there is no 
direct heat exchange between it and the transistor. What 
has been exchanged instead, says Pekola, is information 
– via the electrons' Coulomb interaction. 

The researchers monitored their device by placing 
thermometers at the transistor's input and output and 
also on a lead connected to the demon. As expected, 
they found that the transistor cooled down while the 
demon heated up. 
 [J. V. Koski et al., Phys. Rev. Lett., 115, 260602 (2015)]

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com.

Babylonian astronomers used abstract 
geometry to track Jupiter
Ancient Babylonian astronomers may have used geom-
etry to calculate the motion of Jupiter in the night sky, 
which means that their understanding of applied math-
ematics is much more sophisticated than historians had 
previously thought. That is the conclusion of astrophysi-
cist and historian Mathieu Ossendrijver of Humboldt 
University in Berlin, whose analysis of five stone tablets 
implies that the Babylonians were capable of applying 
geometry in an abstract sense, rather than just using it to 
measure physical spaces. 

Ossendrijver has deciphered the cuneiform inscrip-
tions on a tablet stored at the British Museum and 
linked it to four other known tablets that describe the 
motion of Jupiter along the ecliptic in an arithmetical 
fashion. The inscriptions, says Ossendrijver, indicate 
that the Babylonian scribes could take that arithmetical 
data and represent it as a graph of angular velocity versus 
time. Just like when solving quadratic equations graphi-
cally, the area underneath the curve of the graph can be 
split into segments called trapezoids, and calculating the 
area of the trapezoids then gives the distance that Jupiter 
has travelled across the sky in a given time. 
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Geometrical astronomy: one of the ancient tablets

"The tablet contains a complete description of the 
motion of Jupiter, describing how its angular velocity 
in degrees per day varies in different segments," explains 
Ossendrijver, who is an expert in Babylonian sciences 
and mathematics. "So for the first 60 days, it decreases 
linearly, then it decreases linearly but at a faster rate, and 
so on." 

Astronomy was a significant part of Babylonian cul-
ture, with priestly scribes watching the skies to provide 
prophetic omens. Although mathematical geometry had 
been invented by the Babylonians sometime between 
1800 and 1600 BCE, there had been no evidence of it 
being used for astronomy, only for measuring physical 
things such as plots of land. If Ossendrijver is correct, 
then the Babylonians were able to make the conceptual 
leap to apply their knowledge of geometry in more ab-
stract fashion. 

Not everyone is entirely convinced, however. The 
physicist and historian James Evans, at the University 
of Puget Sound in the US, says that it is "far from clear 
that the Babylonian scribes would have seen it that way," 
noting that there is an absence of any graphs on the tab-
lets, unlike other mathematical tablets showing the geo-
metrical measurement of land. 
 [M. Ossendrijver, Science, 351(6272), 482-484 (2016); 
DOI: 10.1126/science.aad8085]

Extracted with permission from an item by Keith 
Cooper at physicsworld.com. 

CERN gives thumbs up to new sterile-
neutrino detector
A new experiment to search for hypothetical particles 
known as sterile neutrinos has been given the green 
light by scientists at the CERN particle-physics labora-
tory near Geneva. The SFr 200m (£140m) Search for 
Hidden Particles experiment (SHiP) would be built at 
CERN and start up a decade from now. The lab's mem-
ber states will, however, need to approve the project be-
fore construction. 

SHiP shape: the SPS could have a new experiment by 2026

Predicted by certain extensions of the Standard 
Model, sterile neutrinos – if they exist – would interact 
extremely weakly, if at all, with ordinary matter. How-
ever, sterile neutrinos would transform into and out of 
standard neutrinos, revealing themselves via a greater- 
or lesser-than-expected rate of oscillation between the 
different types, or "flavours", of neutrinos. Physicists 
working on the Liquid Scintillator Neutrino Detector 
(LSND) at the Los Alamos National Laboratory in New 
Mexico between 1993 and 1998 saw some evidence for 
such a transformation, but other experiments have failed 
to see a similar signal. 

There are other plans to look for these hypothetical 
particles, but these experiments would focus on light 
sterile neutrinos with masses of less than one electron-
volt. SHiP, in contrast, would seek more massive sterile 
neutrinos known as heavy neutral leptons. Weighing a 
few gigaelectronvolts, such particles would, very occa-
sionally, decay into ordinary matter. According to SHiP 
spokesman Andrey Golutvin of CERN, their existence, 
unlike that of their lighter counterparts, could explain 
the predominance of matter over antimatter in the uni-
verse and the nature of dark matter. "Finding a light 
sterile neutrino would be a Nobel prize discovery, but 
it wouldn't solve the problems of the Standard Model," 
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he claims. 
SHiP would involve building a new target and detec-

tor to exploit the high-intensity proton beam produced 
by CERN's Super Proton Synchrotron (SPS). Incoming 
protons would strike a tungsten-molybdenum target, 
generating mesons containing charm quarks that would 
decay to produce standard neutrinos, which might, in 
turn, oscillate into heavy sterile neutrinos. After passing 
through a magnetic shield to deflect muons and other 
unwanted particles generated in the target, the sterile 
neutrinos would then enter a 50 m-long vacuum cham-
ber. If they decay, they would leave a specific signature: 
two oppositely charged tracks emerging from a vertex, 
plus a well-defined mass for the decaying particle. 

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com. 

Are gravitational waves being 'redshifted' 
away by the cosmological constant?
The theoretical framework underlying gravitational 
waves may have to be revamped to account for dark en-
ergy and the acceleration of the expansion of the uni-
verse. That's the conclusion of researchers in the US, 
who say that while gravitational waves from nearby 
sources will be unaffected, next-generation detectors 
such as the Laser Interferometer Space Antenna (LISA) 
and the Einstein Telescope – which aim to detect gravi-
tational waves from billions of light-years away – may 
fall foul of the expansion of the universe. While such 
telescopes will still detect gravitational waves, the signal 
detected from more distant waves could be fairly differ-
ent to what is currently expected, say the researchers. 

Two become one: merging galaxies with black holes at 
their centres

Dark energy is best explained by a small but positive 
value for the cosmological constant, which describes the 
energy density of space. It was the famous factor that 

Albert Einstein discarded from his general theory of 
relativity, when it was found in 1929 that the universe 
was expanding. For the next 69 years, theorists assumed 
that the cosmological constant was equal to zero. How-
ever, in 1998, it was discovered that the expansion of 
the universe was accelerating, driven by the mysterious 
dark energy, and the cosmological constant was back in 
the running. 

Because the value of the cosmological constant is very 
small (10–52 m2), it had been assumed that it would have 
a negligible effect on the mathematical descriptions of 
gravitational waves. However, Abhay Ashtekar and col-
leagues at the Institute for Gravitation and the Cosmos 
at Penn State University in the US believe that it throws 
a spanner into the works of our current gravitational-
wave theories. 

"Even a tiny cosmological constant casts a long shad-
ow on the theory of gravitational waves." says Ashtekar. 
"The current theory, laid down some 50 years ago by 
Hermann Bondi, Rainer Sachs and Roger Penrose, 
makes such strong use of the assumption that the cos-
mological constant equals zero that it now has to be re-
built, starting from its foundations." 

According to the Penn State trio, the effect of the 
cosmological constant is a cumulative one – the more 
distant a gravitational-wave-emitting object is, the more 
expanding space the gravitational waves have to cross to 
reach us, and therefore the greater the effect of the cos-
mological constant on them. 

The current generation of ground-based detectors, 
such as Advanced LIGO, can only detect gravitational 
waves from objects up to about 800 million light-years 
away – according to Ashtekar, this is not far enough for 
the cosmological constant to have a noticeable effect. 
However, LISA and the Einstein Telescope should be 
able to detect gravitational waves from the other side of 
the visible universe, and the mathematical models for 
these signals will need revisiting. The likes of LISA and 
the Einstein Telescope will not be operational before the 
2030s, giving theorists the chance to rework the equa-
tions. 
[A. Ashtekar et al., Phys. Rev. Lett. 116, 051101 (2016)]

Extracted with permission from an item by Keith 
Cooper at physicsworld.com. 

Underground ring lasers will put general 
relativity to the test
Physicists have started work on a new experiment that 
aims to measure a very subtle prediction of Einstein's 
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general theory of relativity known as the Lense–Thir-
ring effect. Describing the distortion of space–time by a 
spinning mass, the effect has previously been measured 
by NASA's LAGEOS satellites to an accuracy of 10%. 
Now, the Gyroscopes in General Relativity (GINGER) 
experiment will try to measure the effect under Italy's 
Gran Sasso mountain to an accuracy of about 1%. 

Einstein's general theory of relativity says that the 
motion of a body placed in the gravitational field of an-
other large, spinning object, such as the Earth, will be 
modified in two ways. One, known as geodetic preces-
sion, is due to the curvature of space–time around the 
Earth. The Lense–Thirring effect, on the other hand, 
involves the rotating Earth twisting space–time around 
itself as it turns. First predicted in 1918, the effect is also 
known as "frame dragging". 

The GINGERino prototype at LNGS

Angela Di Virgilio of Italy's National Institute of 
Nuclear Physics in Pisa and colleagues plan to use ring-
laser gyroscopes to measure the effect at slightly below 
the Earth's surface. These devices use highly reflective 
mirrors to direct a pair of laser beams in opposite direc-
tions around a fixed and very stable loop. The ring works 
as a resonating cavity for both beams, but each resonates 
at a slightly different frequency. The beam that tends to 
travel with the Earth as it rotates takes slightly longer 
to complete its journey than does the opposing beam. 
This means that it travels for slightly longer through the 
resonant cavity. Because the beams have a spread of fre-
quencies, the cavity-length difference translates into two 
slightly different selected frequencies, and hence a series 
of beats, which reveal the Earth's rotation rate. 

Frame dragging appears as a tiny difference between 
the rotation rate of the Earth as measured by GINGER 
and the rotation rate of the Earth as measured by an 
observer who is not on Earth and in a frame that is fixed 
to the stars. The latter can be determined very accurately 

using very long baseline interferometers. What makes 
the measurement challenging is just how tiny the dif-
ference is. The Earth rotates through about 10–5 radi-
ans each second but the Lense–Thirring effect leads to a 
change of only 10–14 radians per second. In other words, 
the researchers would be looking for variations of one 
part in a billion. 

To find out whether Gran Sasso provides the neces-
sary isolation, Di Virgilio and colleagues have set up a 
test apparatus called GINGERino. Installed in the in-
nermost part of the lab, it consists of a square ring laser 
with 3.6 m-long sides that is mounted on a block of 
granite secured to the underlying bedrock via a concrete 
slab. The experiment has so far provided two sets of 
data, taken in spring and autumn last year, which the 
researchers say give a "good indication that the under-
ground environment is good and stable". 

However, Clifford Will, an astrophysicist at the Uni-
versity of Florida, doubts that GINGER could observe 
the Lense–Thirring effect, no matter how stable the ring 
is. He argues that it will be very hard to know the ring's 
shape, latitude and orientation all to one part in a bil-
lion. "This kind of absolute metrology is very hard to 
achieve," he says. "So while there may be compelling 
geophysical reasons for developing such an instrument, 
I'm very sceptical that any test of general relativity can 
be done". 
[J. Belfi et al., http://arxiv.org/abs/1601.02874]

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com. 
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Dr Gordon Troup, who died shortly 
after being diagnosed with cancer, was 
a pioneering physicist, and memorable 
Monash University identity and teach-
er for over 54 years. 
Born in Ceylon (Sri Lanka) where his 
father managed a tea plantation, Gor-
don and his two older brothers were 
brought to Melbourne in September 
1939 for the duration of WWII. Gor-
don was a boarder firstly at Burke Hall 
(1940–43) and then at Xavier College 
(1944–48) where he rowed, played 
football and cricket, and joined the 
St Vincent De Paul Society—an af-
filiation he would later renew through 
dedicated service to the North Fitzroy 
St Vincent De Paul Conference. In 
Form 6 Gordon won the Dr. John Ni-
all Prize for Science. 
While attending the University of 
Melbourne from 1949 to 1952, Gor-
don was a Resident Scholar at New-
man College. He rowed in the 1st 
eight and, in 1951, was President of 
the College Dramatic Society. 
After completing his BSc degree in 
1952, he joined the Weapons Research 
Establishment (WRE) where he re-
mained until 1961, apart from a two 
year secondment in the UK. A recent 
article in Australian Physics (52(4) 
117-120, 2015), where Gordon is de-
scribed as the ’founder of Australian 
laser research’, covers this period.
Joining Monash University as a Lec-
turer in Physics in late 1961, he was 
quickly promoted to Senior Lecturer 
and, in 1969, to Reader. Gordon’s 
early research at Monash encompassed 
four different areas of magnetic reso-
nance: Antiferromagnetic Resonance, 
Cyclotron Resonance, Nuclear Mag-
netic Resonance (NMR) and Electron 
Spin Resonance (ESR), the latter in-
volving studies of metal ions in natu-
ral and synthetic minerals as possible 
laser materials. He attended the 1963 
Quantum Electronics Conference in 
Paris and this led to research in quan-
tum electronics and photon counting.
Gordon successfully built a gas laser 
at Monash in 1964. A former student 
recalls seeing him racing about the re-
search labs exclaiming, ’It works!’, and 
a crowd rushing to admire the intense 
red beam. 

Gordon was author, 
co-author or joint-
author of well over 
100 research papers. 
He also wrote seven 
monographs: Ma-
sers (1959) based 
on his London Uni-
versity MSc Thesis, 
Masers and Lasers 
(1963), Optical 
Coherence Theory 
(1967), Under-
standing Quantum 
Mechanics (1968), 
Photon Count-
ing and Photon 
Statistics (1972), 
Mechanics (1976), 
and The Physics of the Singing Voice 
(1981). In 1973 he was awarded a DSc 
from the University of Melbourne.
From 1994 he continued his research, 
and some teaching, as an Honorary 
Senior Research Fellow. 
Having fenced as an undergraduate, 
he took up the sport in earnest whilst 
in England. After winning the South 
Australian State Foil Championship in 
1961, he decided to concentrate on his 
physics career. 
Gordon’s love of Italy and things Ital-
ian began in earnest during his sab-
batical at the Quantum Electronics 
Department, University of Florence 
in 1965. It was through many subse-
quent visits to Florence that he began 
to think about the possible health ben-
efits of antioxidants in red wine and 
coffee, and their detection using ESR. 
This came to fruition in recent years. 
He collaborated widely, latterly with 
Dr Luciano Navarini from Trieste (It-
aly), who came upon Gordon’s paper, 
‘The chemical origin of free radicals in 
coffee and other beverages’. Gordon’s 
prompt reply in ’perfect Italian‘ took 
Navarini by surprise. When visiting 
Trieste, he ’was like a PhD student in 
terms of curiosity and passion‘. Gor-
don’s last published paper, on the ben-
efits of well-brewed coffee, appeared 
last April (PLOS ONE 2015: 10(4)). 
It achieved some acclaim for the 83 
year old. (See http://www.goodfood.
com.au/good-food/drink/physicist-
dr-gordon-troup-on-the-science-of-

brewing-the-perfect-cup-of-coffee-
20150430-1muwlq.html). 
Gordon attended the Annual Con-
densed Matter and Materials Meet-
ing at Wagga Wagga some 22 times, 
presenting on many topics, including 
gemstones and the antioxidant proper-
ties of red wine and coffee. He planned 
to attend again in 2016.
At Xavier, Gordon developed a lifelong 
love of the theatre and music, especially 
church singing, opera, and folk song. 
During his first singing lesson with the 
late Joan Arnold OBE at Monash, he 
realised it would be essential to explore 
the physics of the singing voice. For 
some 25 years he lectured on Musi-
cal Acoustics at the Melba Memorial 
Conservatorium of Music. He also co-
supervised the PhD of the late Peter 
Clinch, Australia’s premier saxophon-
ist. A loyal member of the choir at St 
Brigid’s Church in North Fitzroy, he 
never stopped learning; two years ago 
he took Master Singing Classes with 
Maestro Riccardo Serenelli in Italy. 
Gordon Troup is remembered by col-
leagues and former students as a ’larger 
than life‘ iconic figure, and a true Re-
naissance Man. A colleague whose of-
fice was next to Gordon’s for over 30 
years spoke of ’his integrity, his sense of 
humour, and yes, his eccentricities too, 
and his laugh, yes, his laugh’.
He is survived by his wife of over 50 
years, Maggie; five adult children, and 
seven grandchildren. We extend our 
deepest sympathy to the whole family.

Dr Gordon John Fordyce Troup
2 5  F e b r u a r y  1 9 3 2  –  2 1  D e c e m b e r  2 0 1 5

This Obituary was prepared by Emeritus Professor John Pilbrow, assisted by Cynthia Troup, Associate Professors John 
Cashion and Trevor Finlayson, Gordon’s former student, Dr John Boas OAM, and his recent collaborator, Dr Simon Drew.
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COHERENT SCIENTIFIC
New Ultrafast Laser Delivers Femtosecond 
Pulses at 40W Average Power
Coherent has released Monaco, a diode-pumped ultra-
fast laser delivering 40 µJ pulses at 1035 nm, with repeti-
tion rate variable from single shot to 1 MHz. Standard 
pulsewidth is <400 fs and an option is available for vari-
able pulsewidth from <400 fs to 10 ps.

Monaco has outstanding beam quality (M2 < 1.2) 
making it ideal for demanding micromachining appli-
cations in research and industrial environments. Ho-
mogenous materials such as glass and metals as well as 
complex layered structures are readily addressed with 
Monaco’s sub-400 fs pulsewidth.

Finally, Monaco’s reliability is assured through the 
HALT (Highly Accelerated Life Test) and HASS (High-
ly Accelerated Stress Screen) protocols employed during 
development and throughout production. Commonly 
used in the consumer electronics and automotive indus-
tries, Coherent has introduced HALT/HASS to the la-
ser industry to bring an unrivalled standard of reliability 
and quality to laser-based manufacturing.

Astrella – 5 kHz (>1.2 mJ) option now 
available
Astrella is designed and manufactured to be at the fore-
front of an industrial revolution in ultrafast science, and 
is the culmination of several development projects.  Co-
herent’s expertise as the proven leader in developing and 
consistently improving high power amplifier systems is 
leveraged together with advanced, stress-testing tech-
niques developed for the production of our commercial 
lasers used in demanding industrial applications. The 

Astrella is now available in a 5 kHz repetition rate vari-
ation to better match throughput requirements when 
pulse energies are not the data-limiting factor.

Energy >7 mJ, 1 kHz or >1.2 mJ, 5 kHz
Pulse Width <35 fs, or <100 fs 
Stability <0.5% rms 
Beam quality M2 <1.25

The integrated, one-box design employs the new 
STAR regenerative amplifier module for increased en-
ergy, beam quality and stability. This is seeded by Co-
herent’s hands-free Vitara oscillator, and is powered by 
a new pump laser offering enhanced power overhead, 
stability and beam quality. The final, key sub-system is 
the proprietary, sealed stretcher/compressor designed for 
superb dispersion compensation and durability.

Mira OPO-X Fully Automated IR/Visible OPO
The new Mira OPO-X from Coherent is a synchro-
nously pumped, widely tunable, optical parametric os-
cillator (OPO) accessory that dramatically extends the 
wavelength coverage of their fs and ps Ti:S lasers (such 
as Mira and Chameleon) from 505 nm to 4000 nm. It 
is fully automated providing software controlled tuning 
over the full specified wavelength range. This is made 
possible by its advanced control electronics, built-in di-
agnostics, and powerful control software package.

PRODUCT NEWS
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Mira OPO-X is designed around a unique fan-poled 
non-linear crystal technology. Rather than having a sin-
gle fixed poling period in the OPO gain crystal matched 
to one pump wavelength, the crystal is poled in a fan 
geometry across the width of the crystal providing a con-
tinuously variable, quasiphase-matching period. This al-
lows fully independent tunability between pump and 
OPO output wavelengths enabling two-colour applica-
tions such as simultaneous multiphoton excitation im-
aging of different fluorophores, uncaging, CARS/SRS 
and other two-colour pump-probe experiments.
For further information please contact Dr Dale Otten, 
dale.otten@coherent.com.au

For further information please contact Coherent Scientific 
at sales@coherent.com.au

Coherent Scientific 
116 Sir Donald Bradman Drive,Hilton SA 5033 
Ph: (08) 8150 5200      Fax: (08) 8352 2020 
www.coherent.com.

LASTEK
Continuously Tunable Laser (CTL) available 
from Toptic 

The CTL is the ultimate choice when looking for a laser 
that is widely tunable without any mode-hopping. It has 
high power, a narrow linewidth and high absolute and 
relative wavelength accuracy. Wide scans can be per-
formed with highest resolution. With the fully digital, 
low noise and drift DLC pro controller, the CTL laser is 
easy to use and operate via touch-screen and knobs as 
well as via remote PC GUI and command language.

The new CTL lasers are ideally suited for applications 
that require large mode-hop free tuning ranges, such as 
the resonant excitation of small structures like quantum 
dots and micro-cavities. Also molecular spectroscopy 

and components testing will benefit from CTLs excep-
tional properties. 
Specifications:
• Mode-hop-free tuning up to 110 nm
• Available at 950 nm, 1500 nm and 1550 nm
• Up to 80 mW output power
• High resolution and wavelength accuracy
• User friendly touch screen, buttons and remote control 

Lastek appointed exclusive distributor for 
Zolix!
Lastek are pleased to announce that Zolix of China, the 
largest manufacturer of optical spectrometers and spe-
cialist instruments, has appointed Lastek as their exclu-
sive distributor for Australia and New Zealand.

Zolix manufactures single, double and triple mon-
ochromators and spectrographs up to 750mm focal 
length. They also offer a comprehensive range of light 
sources and detectors that can be coupled with their 
monochromators and spectrographs. Their product of-
fering is the most comprehensive we have seen for opti-
cal spectroscopy.

UV Raman and UV resonance Raman are a Zolix 
speciality as the technique was developed by Chinese 
academician Can Li in China. He cooperates closely 
with Zolix and they have established a laboratory at 
Zolix's factory in Beijing to jointly develop applications 
and instruments for this technique.

For further details please contact Dr Zhen Fang 
Gong at Lastek, zhen@lastek.com.au. Zhen is visiting 
Zolix this month for product training. 

Quantum Composers Synchronizers for 
Spectroscopy
Timing is a critical element in all spectroscopy appli-
cations. Properly coordinating the light source, detec-
tion instrument, and data collection method makes all 
the difference in obtaining high quality and repeatable 
results. Quantum Composers' digital pulse and delay 
generators provide extremely precise synchronization 
signals to meet the demands of any spectroscopy appli-
cation, including Laser Induced Fluorescence spectros-
copy (LIF), Trace Gas Spectroscopy, and Laser Induced 
Breakdown (LIB) Spectroscopy.



74 AUSTRALIAN PHYSICS 53(2)  |  MAR–APR 2016

Pulse/Delay Generators for Spectroscopy:
We carry a wide range of pulse generators to fit the needs 
of any budget or application. Our pulse generators pro-
vide a cost-effective method to create and synchronize 
multiple sequences, delayed triggering, or any precisely 
timed series of events.

For more information please contact Lastek at sales@
lastek.com.au

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au

WARSASH SCIENTIFIC
The all-rounder among the digital 
controllers
Piezo-based nanopositioning systems are known for 
their high precision. However, this is not self-evident 
since the motion characteristics of piezo actuators are by 
no means linear. This must be compensated by suitable 
control.

In this case, digital controllers are usually the best 
choice, especially since high-performance devices are 
now available on the market that do not cost any more 
than an analog controller. They are just as fast, but at 
the same time, they offer advanced servo algorithms. An 
example of this is the new E-727 three-channel digital 
controller from PI (Physik Instrumente). The high-

resolution AD/DA converter and piezo amplifier can 
be considered as a genuine "People's Controller" for all 
piezo actuator nanopositioning systems, irrespective of 
whether these work with capacitive, piezo-resistive or 
strain sensors.

The piezo controller is commanded via the digital 
SPI, USB and RS-232 interfaces. In addition, there are 
four respective analog inputs and outputs for set-point 
values, sensor signals or external amplifier as well as four 
respective digital inputs and outputs. The extensive soft-
ware package also includes drivers for LabVIEW as well 
as libraries for Windows and Linux.

Renishaw launches the new inViaTM 
QontorTM confocal Raman microscope
Warsash Scientific is pleased to announce Renishaw’s 
most advanced Raman microscope, the new inVia Qon-
tor. Building on the market-leading inVia Reflex, the 
inVia Qontor adds a new dimension to the performance 
and ease of use for which inVia is renowned. 

The inVia Qontor sees the addition of Renishaw’s 
latest innovation, LiveTrack™ focus tracking technology, 
which enables users to analyse samples with uneven, 
curved or rough surfaces. Optimum focus is maintained 
in real time during data collection and white light vid-
eo viewing. This removes the need for time consuming 
manual focusing, pre-scanning or sample preparation. 
The inVia Qontor Raman microscope’s cutting-edge 
technology reduces overall experiment times and makes 
analysing even the most complex samples easy.

High Speed Linear THz Camera
Warsash Scientific are pleased to announce that Tera-
Sense, a US based market leader in imaging equipment 
for THz and sub-THz frequency ranges, has recently 
launched a low cost, High Speed Linear THz Camera 
(codenamed TeraFAST) to meet the growing scientific 
demand for safe, non-invasive and non-destructive test-
ing/imaging solutions.

The TeraFAST operates in the 0.05~0.7 THz spectral 
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range where most common materials are transparent. Its 
key features include unprecedented imaging speed at 5 
kHz (equivalent to a scanning speed of 15 m/s) and ease 
of integration with a plug-and-play design. The image 
resolution is determined by the pixel size of 1.5 mm, 
which is sufficient to support imaging in most indus-
trial applications. With a responsivity of 8000 V/W, the 
minimal detectable power per pixel is 100 nW at 5000 
fps and 14 nW at 100 fps.

The TeraFAST Imaging System consists of the high-
speed THz camera and a THz source made of IMPATT 
diode with integrated horn antenna and PTFE lenses for 
optimal THz beam delivery across the detection area. 

For more information contact Warsash Scientific at 
sales@warsash.com.au 
 
Warsash Scientific 
PO Box 1685, Strawberry Hills NSW 2012 
T: +61 2 9319 0122    F: +61 2 9318 2192 
www.warsash.com.au

ZURICH INSTRUMENTS AG
Arbitrary Waveform Generator and Signal 
Acquisition Instrument
With the UHF-AWG 1.8 GSa/s Arbitrary Waveform 
Generator, Zurich Instruments presents a unique solu-
tion for the generation and acquisition of complex sig-
nals. On each of the 2 channels signals can be gener-
ated and measured from DC up 600 MHz with 14 bit 
resolution. AWG pulse sequences can be varied based on 
feedback from the demodulated signals or photon coun-
ter. The UHF-AWG is completely integrated into the 
LabOne software and can easily be controlled through 
a web-browser based user-interface whilst the included 
LabOne APIs allow a straightforward integration into 
an existing experimental control environment using La-
bVIEW, MATLAB, Python or C.

Arbitrary waveforms can be generated and played up 
to a length of 128 MSa. These signals can be used for the 

modulation of the 8 internal oscillators, guaranteeing 
perfect phase-coherence and, using the internal trigger 
functions, precise synchronization of the measured sig-
nal . All relevant signal parameters such as frequency, de-
lays and amplitudes can be adjusted using the advanced 
sweeper and trigger tools.

 The two low-noise signal inputs allow the detection 
of the resulting signals and direct verification of the pro-
grammed pulse sequences, and additionally the power-
ful toolset of the UHF platform is available: the world's 
fastest digital lock-in amplifier, the UHF-BOX Averager 
and the UHF-DIG Digitizer. 

 The UHF-AWG is perfect for applications requir-
ing pulsed excitation in combination with fast measure-
ment: Quantum computing, NMR- and EPR spectros-
copy, radar, lidar, photon counting and tests with mixed 
signal circuits.

For more information contact Zurich Instruments AG at 
info@zhinst.com 
 
Zurich Instruments AG 
Technoparkstrasse 1, 8005 Zurich, Switzerland  
phone +41 44 515 0410, fax +41 44 515 0419 
www.zhinst.com
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Longer Life.
Higher Power.

Shorter Pulses.

New Ultrafast Lasers
Coherent’s ultrafast laser portfolio is the most 
extensive available and offers industrial-grade 
reliability with repetition rates from 10 Hz to 

100 MHz, pulse energies from nJ to 100mJ and 
pulsewidths to sub-10fs.

Read more in the Product News section inside

(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

Astrella Integrated 
Ti:S Amplifier

7mJ @ 1kHz or 1.2mJ @ 5kHz Ti:S Amplifier
<35fs or  <100fs pulse duration
One-box, industrialised platform
Fully automated and hands free

NEW

Mira OPO-X 
Fully Automated 
IR/Visible OPO
for fs and ps 
Ti:Sapphire Lasers
Automated wavelength tuning
505nm to 4000nm available tuning range
Wider range available with appropriate accessories
>650mW output power with Chameleon Ultra 2 pump laser
Remote diagnostics and control package
740-880nm adjustable pump wavelengths for independent pump/OPO output

Designed for use with high power tunable Ti:S pump oscillators, 
such as Coherent Chameleon and Mira

Monaco High Power 
Ultrafast MOPA Laser

Single shot to 4MHz diode pumped, 
pulse picked MOPA
10-40µJ pulse energy @ 1035nm
<400fs - >10ps tuneable pulse duration
517nm option available after 
Photonics West 2016!


